Adolescent idiopathic scoliosis is a disorder that predominantly affects females. Direct irradiation of the ovaries in scoliosis patients can potentially occur when X-ray examination of the spine is performed in order to diagnose and monitor progression of the condition. As longevity and reproductive capability are not affected by scoliosis, gonadal irradiation is an important issue. We therefore examined the radiographs of 20 patients who attended the spinal scoliosis clinic at our institution, looking particularly for evidence of direct ovarian irradiation.
Introduction
Adolescent idiopathic scoliosis is a disorder that predominantly affects females. Direct irradiation of the ovaries in scoliosis patients can potentially occur when X-ray examination of the spine is performed in order to diagnose and monitor progression of the condition. As longevity and reproductive capability are not affected by scoliosis, gonadal irradiation is an important issue. We therefore examined the radiographs of 20 patients who attended the spinal scoliosis clinic at our institution, looking particularly for evidence of direct ovarian irradiation.
Materials and method
Twenty female patients who had been followed up for more than 6 months were randomly selected from our scoliosis clinic database. The posterio-anterior (PA) and lateral plain films of these selected patients were examined. When the area immediately adjacent to the medial wall of the acetabulum was clearly seen (see Fig. 1 ), this was taken as indicative of direct ovarian irradiation.
In a separate study, TLDs (thermoluminescent dosimeters) were used to measure the absorbed dose in the centre of the X-ray field on the surface of a tissue-equivalent anthropomorphic phantom (ART, Gothic Crellon, UK) without lead protection. TLDs were also used to measure the absorbed dose from scattered radiation at the approximate location of the ovaries in protected and unAbstract Concerns in clinical practice arose over the amount of ovarian irradiation received from X-ray examinations in females with scoliosis. This study was instigated to assess the adequancy of ovarian protection in this young and genetically vulnerable group of patients. A total of 283 plain films in 20 patients with scoliosis were reviewed. If the area immediately adjacent to the medial wall of the acetabulum was clearly seen, then this was taken as indicative of ovarian irradiation. In a separate study, the radiation dose in the centre of the X-ray field on the surface of a tissue-equivalent anthropomorphic phantom was measured using thermoluminescent dosimeters. Standard conditions for scoliosis X-ray examination were used. The average age of patients was 21.5 years. The mean number of single X-ray exposures per patient was 14.1 over a mean of 44 months. The mean measured entrance dose to the skin in the 20 patients was 0.08 mGy (equivalent dose = 0.08 mSv). The mean percentage of examinations without lead protection was 18% per patient (range 0-40%). This would have resulted in a mean equivalent dose to the surface of the abdomen of 0.1 mSv per year per patient from the unprotected examinations. The maximum dose received in 1 year was 0.6 mSv. The maximum dose to the unprotected ovary was estimated to be 0.05 mSv from a single examination. The mean total cumulative ovarian dose was calculated as 180 µSv per patient (range 45-355 µSv) over the time period studied. The findings of this study indicate that ovarian protection should be improved. Reasons for this and suggestions for improvement are discussed.
protected examinations. Measurements with TLDs were carried out under the same conditions (Voltage, current, distance and orientation, i.e. PA) as used for scoliosis examinations at our institution (see Discussion). In order to improve the accuracy of the TLD measurements, each dosimeter was exposed to 50 identical exposures. The doses quoted are the results for a single exposure.
Results
The 20 patients were all female, with an average age of 21.5 years (range 11-43 years). The average number of Xrays per patient was 14.1 (range 9-24) over a mean period of 44 months (range 8-150 months). In the group as a whole there were 283 films. According to our criteria, 51 of these had inadequate protection of the gonads. The average percentage of examinations without lead protection was 18% per patient (range 0-40%). The average number of films in which direct ovarian irradiation was judged to have occurred was therefore 2.6 per patient.
An explanation of terms of radiation dosage is necessary at this point. The entrance dose measured with the TLDs in the second part of the study is the absorbed dose of radiation (mGy). The equivalent dose (mSv) depends on the nature of the radiation used, (in this case X-rays), and is the absorbed dose multiplied by a quality factor. This factor is 1 for X-rays, and thus although the units for absorbed dose and equivalent dose are different the values are the same.
The mean measured entrance dose to the skin from the second part of the study was 0.08 mGy for each exposure (equivalent dose 0.08 mSv). This value is well below the reference dose level specified by the National Radiological Protection Board [3] for a standard lumbar spine examination. This is due to the technique employed for a scoliosis X-ray series in our institution (e.g. no grid, long focal distance; see Discussion). If this average skin dose of 0.08 mGy per film is assumed, the average dose to the skin in the unprotected examinations can be calculated as 0.2 mSv per patient during the time period considered. After introducing the time factor to allow for examination frequency and a quality factor to convert from measured absorbed dose to an equivalent dose for X-rays, this equates to a dose to the skin surface of 0.1 mSv per year per patient (range 0-0.6 mSv per year per patient, see Table 1 ) when the ovaries were unprotected.
The mean absorbed dose from scattered radiation per X-ray examination, measured at the location of the ovaries in the phantom, was 4.8 µSv. This represents the dose to the ovaries outside the field of view and will be similar to the dose received by the protected ovaries. The maximum dose to the unprotected ovaries within the field of view was estimated from TLD measurements as 0.05 mSv, assuming that the whole of the ovarian structure was exposed. Using these values to calculate the total dose of ovarian irradiation received by each patient in each unprotected and protected X-ray examination, the mean total cumulative ovarian dose is 180 µSv per patient (range 45-355 µSv) over the time period studied (see Table 2 ).
Discussion
The Ionising Radiation Regulations [4] require that the dose limit to the abdomen of a woman of reproductive capacity, who is employed as a radiation worker, does not exceed 50 mSv per year (averaged throughout the abdomen). This implies an acceptable level of risk resulting from gonadal irradiation in workers. The mean of 0.1 mSv per year at the surface of the abdomen in our patients who had unprotected examinations appears satisfactory.
The hazards of gonadal irradiation include teratogenesis (if the ovum is fertilised), genetic disorders in the patient's offspring (e.g. increased risk of childhood malignancy) along with intangible effects on the total population genetic burden [5] .
In girls the gonads are more difficult to protect than in boys. CT scans of women have shown the ovaries to be situated adjacent to the iliac bones, approximately on a line bisecting the anterio-posterior diameter of the pelvis (Ledley [2] ). This position equates with the criteria for gonadal irradiation described in this study. However, it must be remembered that the ovaries are mobile structures and this landmark is a "best guess" only.
The concepts of "maximum permissible dose" and "dose limits" are not strictly applicable in the case of patients undergoing diagnostic examination or therapy with ionizing radiation (NRPB [3] ). There are no mandatory limits for patient doses, but there is a responsibility to ensure that the exposure is justified and that the protection is optimised (ICRP, p 43 [5] ). There are no mandatory limits for doses to specific organs. Reference skin doses have been defined for common X-ray examinations, but not for scoliosis examinations [4] . The mean dose of 0.1 mSv per year to the surface of the unprotected abdomen in these patients, with all patients having values significantly less than the 50 mSv per year recommended in the Ionising Radiation Regulations [4] , is encouraging. The mean total cumulative ovarian dose of 180 µSv per patient has unknown significance for the reasons suggested above on dose limits for specific organs. There are thus a number of uncertainties when considering the cumulative effects of gonadal irradiation in the long term; even so, it should be possible to improve on the figure in our study of 18% of X-ray examinations having inadequate ovarian protection.
We take the following measures in our hospital to prevent gonadal irradiation: avoidance of examinations in pregnant women (using the 28-day rule), the use of posterio-anterior films, low-dose fast exposure films, the use of an air gap and 2.3 m focal distance between source of beam and the patient, the wearing of a lead apron (5 mm thick) to protect the ovaries, and coned down views of the affected area (lead protection systems used correctly have been shown to be effective in significantly reducing ovarian irradiation [1] ).
Requirements for a surgeon in the interpretation of plain radiographs in a standing position in patients with scoliosis include: pelvic obliquity, Risser's sign, a visible L5/S1 junction and a view of the triradiate cartilage for the assessment of bone age.
The problems that arise for the radiographer are:
